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Abstract
The fatty acid composition of three North West European isolates of Heterorhabditis sp. from different geographical origins,
UK211 (England), HF85 (The Netherlands) and EU17 (Estonia) was assessed directly after harvest and, for UK211 and HF85,
after 5 weeks storage in water at 20°C. Lipid represented 34–43% of the dry weight of fresh nematodes. Of this, neutral lipid (NL)
comprised from 70% (HF85) to over 90% (UK211, EU17). The fatty acid patterns were similar between the three isolates. Oleic
(C18:1n-9), palmitic (C16:0), and linoleic (C18:2n-6) acid predominated with 51, 13 and 12%, respectively in the total lipid (TL)
of fresh nematodes (average for the three isolates). Levels of unsaturation (U.I.) of fresh nematodes were on average 110, 112, 113
and 152 for the TL, NL, phospholipid and free fatty acid fractions, respectively. EU17 had a slightly lower U.I than the other
two strains, despite its more northern origin. Changes in fatty acid composition due to storage were most significant in the NL
fraction. The U.I. for the NL fraction increased during storage, suggesting a preferential use of saturated fatty acids. © 1999
Elsevier Science Inc. All rights reserved.
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1. Introduction
The entomopathogenic nematodes of the genera
Steinernema and Heterorhabditis have a symbiotic rela-
tionship with insect pathogenic bacteria Xenorhabdus
and Photorhabdus, respectively. The life cycle of the
nematodes, in common with that of many nematode
parasites of plants and vertebrates, includes a free-liv-
ing infective juvenile (IJ) whose role is transmission to
a new host. Insect parasitic nematodes are commer-
cially exploited for the biological control of several
insect pests. Nematodes are produced in fermenters or
in solid media and the IJs are formulated and sold for
inundative application against insect pests. Steinernema
sp. are less costly to produce and can survive long-term
storage better than Heterorhabditis sp. However, their
efficacy against certain target insects is not as good
as that of Heterorhabditis [16,8,15]. For example, iso-
lates of the North West European type of Heterorhab-
ditis are very effective against black vine weevil
(Otiorhynchus sulcatus) and are produced in Europe for
that purpose, although there is a need for more cold-
tolerant strains.
The total amount of lipid present in nematodes varies
between 1 and 43% [1,2] depending on their life style
and habitat. Infective juveniles of Steinernema and Het-
erorhabditis have high levels of lipids ranging between
32 and 43% of total body weight [26,1]. These high lipid
levels provide the non-feeding IJs with the energy nec-
essary for host finding or to persist in soil when hosts
are unavailable. Shelf life of commercially produced
nematodes is also dependent on the amount of energy
reserves stored and the rate of utilisation during
storage.
Most of the phospholipids (PL) found in nematodes
are probably structural components, particularly cell
membranes, while neutral lipid (NL) and free fatty
acids (FFA) serve mainly as energy reserves in aerobic
species [2,3]. The degree of unsaturation and chain
length of fatty acids (FAs) are of important biological
significance for the organism. Unsaturation, i.e. the
presence of double bonds, is used to enhance fluidity of
FAs. The greater the degree of unsaturation, the lower
the melting point of the fatty acid. For cell membranes
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this means that they remain in a functional state even at
low temperatures [29]. This is particularly important for
animals living at low temperature in which unsaturated
fatty acids predominate over saturated ones [29]. The
degree of unsaturation of FAs of the NL and FFA
fractions is also important, since more energy is yielded
by oxidation of saturated than of unsaturated FAs.
Fatty acids in insect parasitic nematodes have been
studied by a number of researchers [26,27,30,6,-
1,13,21,22], but most of these studies focussed on Stein-
ernema spp. For Heterorhabditis spp., only the fatty
acid composition of the total lipid (TL) has been
analysed [26,27]. There is intraspecific variation in sev-
eral important attributes of insect parasitic nematodes.
For example, within the North West European (NWE)
group of Heterorhabditis, there is much variation in
persistence [5]. In the present study, we determined the
fatty acid composition of three geographically diverse
isolates of Heterorhabditis. This will, for the first time,
provide detailed information on the NL, PL and FFA
of Heterorhabditis, and assess the degree of intraspecific
variation in lipid composition of these nematodes. Iso-
lates UK211 and HF85 from the south of England and
The Netherlands, respectively, were chosen because of
their commercial relevance and inclusion in other stud-
ies. We included an isolate from Estonia, EU17, to see
if this isolate is different in fatty acid composition due
to its more northern origin. Estonia experiences severe
winters and is at the northern fringe of the currently
known distribution of the NWE type of Heterorhabditis
[10]. For two of the isolates (UK211 and HF85), the
analysis was performed both on newly emerged and on
5 week-old IJs. The information obtained by this study
might elucidate differences in survival within Het-
erorhabditis spp. and between Heterorhabditis and
Steinernema spp.
2. Materials and methods
2.1. Nematodes culturing and storage
The three Heterorhabditis isolates used, UK211,
HF85 and EU17, all belong to the NWE group [28].
The isolates originate from the South Coast of England
(Dr W. M. Hominick, CABI Bioscience, Egham, UK),
the Flevopolder in The Netherlands (Dr P. Westerman,
Van Hall Institute, Leeuwarden, The Netherlands) and
near Tallinn in Estonia, respectively. All nematodes
were reared in late instar larvae of the greater wax
moth, Galleria mellonella (The Mealsworm Co., She-
ffield, UK), at 20°C. After harvesting, the IJs were
washed three times by sedimentation in tap water. The
IJs that were used for lipid analysis after 5 weeks were
stored in tap water held in plastic culture boxes (15×
11×6 cm) at a concentration of 1000 IJs ml−1 (200 ml
per box) and aerated by shaking daily. Prior to the lipid
analysis, the IJs were washed by sedimentation and live
nematodes were obtained by allowing them to pass
through a 34-m sieve overnight. The resulting IJs were
concentrated in 1.8 ml cryogenic vials and stored in
liquid nitrogen. For the newly emerged IJs, three repli-
cates of 100 000 nematodes were analysed and for the 5
week-old IJs 3×300 000 nematodes were analysed (due
to their expected lower lipid content).
2.2. Analysis of fatty acid composition
The technique used to isolate lipids was based on
that of Christie [4] and modified by Patel and Wright
[21,22]. In brief, nematodes were homogenised by soni-
cation and freeze dried. Lipids were extracted with
chloroform and contaminants removed with a 0.04%
CaCl2 solution. Absolute ethanol was added to make a
single phase of the chloroform layer with any remaining
upper phase. The solvents were removed by rotary film
evaporation and the percentage total lipid (of dry
weight) determined.
A fraction of the extracted lipid (10%) was put aside
as the TL sample, and the rest was separated into
different lipid classes by solid phase chromatography
(NH2-aminopropyl, 500 mg, 3 ml; Bond Elut®, Interna-
tional Sorbent Technology Ltd, Mid Glamorgan, UK).
Lipid mixtures were dissolved in less than 0.5 ml chlo-
roform and applied to the columns. Each lipid fraction
was eluted with 2×2 ml of solvent: the neutral lipids
were eluted with chloroform:propan-2-ol (2:1), free
fatty acids with acetic acid in diethylether (2% v/v) and
the column was finally washed with methanol to elute
the non-acidic phospholipids. The samples were dried
by rotary film evaporation and their dry weight
determined.
The lipid samples were saponified and converted to
fatty acid methyl esters (FAMEs) using a mixture of
toluene and 1% (v/v) sulphuric acid in methanol (1:2
v/v). The dry FAMEs were dissolved in a known
volume of hexane and analyzed by gas–liquid chro-
matography (GLC) using a Varian 6000 equipped with
a capillary column (Carbowax EconoCa™ 30 m×0.32
mm internal diameter, 0.25 m film thickness, Alltech
Associates, Lancashire, U.K.) and a flame ionization
detector (270°C). Injections were made in split mode
(50:1) with N2 as the carrier gas. The temperature
program was isothermal at 100°C for 2 min, 10°C
min−1 to 160°C and 2°C min−1 to 235°C and held for
1 min. GLC peak areas were quantified using a Varian
401 Vista integrator. FAMEs were identified by refer-
ence to authentic standards and by using the ‘equiva-
lent chain-length’ method [4]. Fatty acid compositions
were expressed as mol percentages. Unsaturation in-
dices (U.I.) are expressed as cumulative percentage
fatty acid×number of double bonds.
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2.3. Statistical analysis
The fatty acid data were analyzed using CSS Statis-
tica (StatSoft Inc., Tulsa, OK, USA). Proportion data
were subject to arcsine square root transformation be-
fore MANOVA and if appropriate followed by Dun-
can’s multiple range test (P0.05).
3. Results
3.1. Lipid content of fresh nematodes
The TL content of freshly harvested (week 0) Het-
erorhabditis IJs was 34–43% dry weight (Table 1). Total
lipid as % of dry weight did not differ significantly
(P0.05) between the three isolates. However, HF85
had significantly (P0.05) less TL per infective juve-
nile than either UK211 or EU17. The percentage com-
position of the major lipid classes differed between
isolates (Table 1): NL comprised 91–94% of the TL in
UK211 and EU17, but only 70% in HF85. HF85 had
correspondingly higher levels of PL than the other two
isolates (14% of TL compared with 2% for each of the
other two isolates).
3.2. Fatty acid composition of total lipid, neutral lipids,
phospholipids and free fatty acids of fresh nematodes
The major fatty acid of the total lipid fraction of
freshly harvested nematodes was oleic (C18:1n-9), rep-
resenting approximately half of the TL (Table 2).
Palmitic (C16:0) and linoleic acids (C18:2n-6) each ac-
counted for a further 10–15% of TL (Table 2). The
fatty acid composition of the NL (Table 3), which
accounts for 70–94% of TL, was similar to that of the
TL, with oleic, linoleic and palmitic acids
predominating.
For the PL fraction (Table 4), higher levels of FAs
with a chain length of 20 or more were found compared
with the NL fraction. Long chain FAs comprised 9–
12% of the PL compared with a maximum of 6% in the
NL fraction.
The composition of the free fatty acid fraction (Table
5) differed from that of the NL. While oleic acid was
the dominant fatty acid, it represented only 20–28% of
the fraction. There was a proportionately greater repre-
sentation of other FAs: the percentage of C16:4 was
3–5-fold higher than in the NL, and that of C20:4n-6
was 6–7-fold higher than in the NL. The FFA fraction
had the highest unsaturation index (U.I.): 140–161
compared with a maximum of 120 in either NL or PL
fractions (Tables 3–5). The high U.I. of the FFA can
be explained by the higher representation of poly-unsat-
urated fatty acids, which accounted for 39–46% of the
FFA fraction compared with a maximum of 29% in
either of the other two fractions.
The fatty acid composition of the three Heterorhab-
ditis isolates was similar, with only small differences.
For instance, the TL fraction of EU17 had a signifi-
cantly (P0.05) lower level of C16:3n-3 compared
with the other two isolates and a higher level of C16:0
(compared with HF85) and C20:1n-9 (compared with
UK211) (Table 2). The FAs of EU17 were more satu-
rated than the FAs in UK211 and HF85, as shown by
the lower unsaturation index in all fractions measured
(Tables 2–5).
3.3. Lipid content and fatty acid composition after
storage
After 5 weeks storage at 20°C, HF85 had lost 57% of
its total lipid, and UK211 had lost 94% (Table 1). This
decline in lipid content was mainly due to a decrease in
NL: HF85 had lost 48% of its NL after 5 weeks, and
UK211 had lost 94%.
Table 1
Total IJ dry weight, total lipid dry weight, percentage total lipid and neutral lipid, phospholipid and free fatty acid as a percentage of total lipid,
of IJs of Heterorhabditis isolates HF85, UK211 and EU17 freshly harvested and after 5 weeks storage at 20°Ca
Isolate and age Free fatty acidDry weight Total lipid dry weight Total lipid Neutral lipid Phospholipid
(ng IJ−1) (%)(ng IJ−1) (%)(%) (%)
HF85
0 weeks 61.1 bA (2.0) 36.6 aA (1.7)166.8 bA (11.1) 69.6 bA (1.9) 13.9 aA (6.3) 6.5 aA (4.6)
132.9 A (3.8) 26.4 B (1.7) 19.9 B (0.9)5 weeks 82.2 B (3.1) 8.0 A (1.4) 9.8 B (2.1)
UK211
7.3 aA (6.7)0 weeks 181.2 abA (14.6) 77.4 aA (2.5) 42.7 aA (3.2) 91.1 aA (7.7) 1.6 bA (1.1)
46.5 B (7.2) 3.2 A (4.5) 50.3 B (4.7)4.8 B (1.0)5 weeks 5.2 B (1.1)92.7 B (2.9)
EU17
0 weeks 80.2 a (1.7) 4.2 a (3.0)2.0 ab (1.4)93.9 a (1.6)233.0 a (14.3) 34.4 a (4.9)
a Mean of three replicates (SE). Within a column, values accompanied by the same letter are not significantly different (P0.05). Lower case:
between isolates at week 0 (ANOVA); upper case: between weeks for each isolate (t-test).
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Table 2
Fatty acid composition (%SE) of total lipids from infective juveniles of Heterorhabditis isolates UK211, HF85 and EU17, freshly harvested and
after 5 weeks storage in water at 20°Ca
Storage time: 5 Weeks0 Weeks
Isolate: HF85UK211 EU17 UK211 HF85
Fatty acid:
0.60.0 n.d.14:0 0.60.10.50.0 0.70.0
1.40.1 0.60.314:1 1.80.11.40.1 2.20.1
11.7 0.1 b 15.31.8 a10.40.4 ab 4.90.1 d16:0 6.70.2 c
16:1n-7 7.80.3 a 7.60.1 a 6.30.5 a 4.40.2 b 7.2 0.2 a
1.10.0 a 0.30.2 b1.20.0 a 1.20.0 a16:3n-3 1.5 0.1 a
1.80.1 b 1.20.1 b16:4 4.40.5 a1.60.1 b 2.20.2 b
0.50.4 b 3.00.5 b0.70.5 b 8.20.2 a18:0 0.80.6 b
52.90.2 a 50.31.0 ab18:1n-9 38.20.1 c49.10.5 a 46.2 0.8 b
11.90.1 c 11.00.7 c13.90.4 b 14.30.0 b18:2n-6 18.8 0.2 a
1.50.1 ab 1.60.1 bc18:3n-3 1.20.1 c2.20.1 a 1.60.1 bc
2.70.1 ab 3.90.5 a2.80.1 b 2.00.2 b20:1n-9 1.70.1 b
1.20.1 bc20:2 0.90.0 b 0.30.2 c 4.20.1 a 1.60.0 b
1.90.1 c 1.30.2 d 9.70.0 a2.00.3 cd 3.80.1 b20:4n-6
12.08 18.3Saturated 13.711.6 8.2
64.6 61.161.1 46.4Monoene 57.3
19.1 15.7 35 29.5Polyene 22.1
112.8 99.8115.9 147.0U.I. 131.4
61.12.0 80.21.7 4.81.0 26.41.7ng/nematode 77.42.5
a Unless mentioned otherwise; n=3; n.d.=not detectable; U.I.=unsaturation index, defined as (% of fatty acid×number of double bonds).
Within rows, same or no letters indicate no significant difference (MANOVA, Duncan’s multiple range test, P0.05).
The fatty acid composition of stored IJs differed
from that of the fresh ones. For both isolates, the
percentage of palmitic acid and oleic acid in the TL
decreased significantly between week 0 and week 5, and
arachidonic acid (C20:4n-6) increased significantly
(P0.05; Table 2). The change in fatty acid composi-
tion of the TL was more marked for UK211 than for
HF85; additional significant changes detected for
UK211 were a decrease in the percentage of 16:1n-7
and C18:3n-3 and an increase in C16:4, stearic acid
(C18:0), C20:2 and C20:4n-6.
Changes in the NL fraction (Table 3) were similar to
those in the TL. There was a significant decrease in the
percentage of palmitic and a (non-significant) decrease
in oleic acid. Significant increases were found in the
percentage of the C20 polyunsaturated FAs (C20:2,
C20:4n-6 and C20:5n-3 (eicosapentaenoic acid; not sig-
nificant for HF85)).
A significant decrease in the proportion of palmitic
acid (C16:0) was again detected in the FFA fraction
(Table 5), a significant increase in C18:0 was found for
UK211.
Starving the IJs for 5 weeks had little effect on fatty
acid composition of the phospholipid fraction. Two
notable significant changes were the decrease in
palmitic acid (C16:0) of HF85 and a decrease in
C20:1n-9 for UK211.
The level of unsaturation increased between week 0
and week 5 for the TL and NL fractions, but remained
largely unchanged for the PL and FFA fractions.
Differences between UK211 and HF85 were more
marked in stored than in fresh nematodes. In week 0,
the TL of HF85 and UK211 differed significantly with
respect to only one fatty acid (linoleic), while the two
isolates differed significantly with respect to 8 FAs after
5 weeks (Table 2). Similarly, in the NL fraction more
differences were detected between isolates following
storage.
4. Discussion
The 43% lipid content recorded for Heterorhabditis
UK211 is amongst the highest lipid contents recorded
for hatched stages of any nematode species [2]. The
lipid content of the three isolates, at 34–43% dry
weight, provides further evidence that entomopatho-
genic nematodes tend to have rather high lipid content.
Other reported values for Heterorhabditis and Stein-
ernema span a similar range: H. megidis and H. bacte-
riophora contained 36 and 38% lipid, respectively [26]
while Steinernema spp. ranged between 32% and 39%
[26,23] with a maximum of 43% recorded for Stein-
ernema riobrais grown in G. mellonella [1]. A high lipid
content is necessary for the non-feeding IJs of entomo-
pathogenic nematodes to survive in soil or storage,
until they encounter a new host insect.
Only one other study has looked at the fatty acid
composition of Heterorhabditis spp. [26] and that
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looked only at TL of H. megidis and H. bacteriophora.
The fatty acid profile of total lipids presented here
differs in several respects from the profiles presented for
H. bacteriophora and especially for H. megidis [26]. In
particular, unsaturated C16 FAs, which represented
7–11% of TL in the present study, were not detected by
Selvan et al. [26], and longer chain FAs (C22 and C24)
which represented 20% of the FAs in the total lipids of
H. megidis and 11% in H. bacteriophora in the Selvan et
al. [26] study, were absent in the present analysis. The
NWE group of Heterorhabditis isolates analysed here
had a preponderance of unsaturated FAs; more than
80% of the TL FAs were unsaturated, a pattern typical
of most nematodes [12,17] including Steinernema spp.
[1,21], while Selvan et al. [26] reported approximately
60% unsaturated FAs for Heterorhabditis. While it is
possible that strain or species differences contribute to
the differences between the two studies, this is unlikely
to be the full explanation, as four species of Stein-
ernema analysed by Selvan et al. [26] also had unexpect-
edly low levels of unsaturation in comparison with the
data of Patel and Wright [21].
The major fatty acid of the TL fraction was oleic
(C18:1n-9), with palmitic (C16:0) and linoleic acids
(C18:2n-6) each accounting for a further 10% of TL.
These FAs are also predominant in H. bacteriophora
[26] and in most studies on Steinernema sp.
[30,6,1,21,22], together with C18:0 in some cases [6,1].
However, stored energy reserves in nematodes do not
always comprise these three FAs. In some plant para-
sitic nematodes, C20:1 and C20:4 may predominate
[12,17].
Neutral lipids form the major energy store for the
non-feeding infective stage of entomopathogenic and
other parasitic nematodes. Where it has been investi-
gated, there is evidence that certain FAs are utilised
preferentially [25,27,19,21]. The proportion of 16:0,
C16:1n-7 and 18:1n-9 in the NL fraction decreased
during 5-weeks storage of UK211 and HF85, indicating
preferential utilisation of these FAs, particularly
palmitic acid. Palmitic acid accounted for 10–12% of
the NL fraction of fresh nematodes, but the percentage
representation was halved after storage and the de-
crease was significant for both isolates. The preferential
utilisation of saturated FAs such as palmitic, rather
than unsaturated ones, is also indicated by the increase
in U.I. following storage. This increase in unsaturation
levels following storage was also observed for entomo-
pathogenic nematodes by Selvan et al. [27] and Patel
and Wright [21]. Biological oxidation of saturated FAs
yields more energy than oxidation of unsaturated FAs
[29]. Preferential utilisation of high-energy yielding FAs
by IJs means that the remaining store of FAs will be of
an incrementally lower value, and thus a given unit of
triglyceride measured in starved nematodes is expected
to be of lower energetic value than in fresh nematodes.
Table 3
Fatty acid composition (%SE) of neutral lipids from infective juveniles of Heterorhabditis isolates UK211, HF85 and EU17, freshly harvested
and after 5 weeks storage in water at 20°Ca
Storage time: 0 Weeks 5 Weeks
UK211 HF85Isolate: EU17 UK211 HF85
Fatty acid:
0.50.0 0.50.014:0 0.50.0 0.60.10.70.0
1.90.1 a14:1 1.10.0 b1.40.1 b 2.00.2 a1.40.0 ab
11.70.2 a10.30.3 a 11.50.0 a16:0 4.90.1 c 6.80.3 b
8.00.2 a16:1n-7 5.00.3 b7.90.3 a 7.50.6 a8.10.2 a
1.30.0 ab 1.40.2 a 0.80..0 b 1.30.0 ab 1.40.1 a16:3n-3
1.30.0 b 1.30.1 b 1.30.1 b 1.80.0 a 1.20.0 b16:4
n.d.2.90.1n.d.18:0 n.d.n.d.
49.71.4 54.50.8 52.01.2 48.50.7 48.71.318:1n-9
13.70.3 b 11.90.2 c18:2n-6 12.70.5 bc 14.10.3 b 19.80.2 a
1.60.11.80.21.60.218:3n-3 1.60.12.00.1
2.90.3 2.40.020:1n-9 2.60.2 2.90.2 1.90.1
0.70.1 c20:2 1.60.0 a0.90.0 bc 1.10.1 b0.60.0 c
1.50.1 c 1.50.1 c20:4n-6 1.30.2 c 5.70.2 a 3.00.1 b
0.30.0 b 0.30.0 b 0.10.1 c20:5n-3 1.00.0 a 0.60.0 b
10.8 12.2Saturated 12.0 8.5 7.4
Monoene 60.158.363.761.9 66.4
21.0 18.6Polyene 18.5 27.3 28.7
U.I. 114.1 113.5 109.0 134.0 130.7
ng/nematode 70.21.5 42.40.9 75.32.9 2.40.7 21.71.8
a n=3; n.d.=not detectable; U.I.=unsaturation index defined as (% of fatty acid×number of double bonds). Within rows, same or no letters
indicate no significant difference (MANOVA, Duncan’s multiple range test, P0.05).
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Table 4
Fatty acid composition (%SE) of the phospholipids of infective juveniles of Heterorhabditis isolates UK211, HF85 and EU17, freshly harvested
and after 5 weeks storage in water at 20°Ca
Storage time:: 5 Weeks0 Weeks
Isolate: HF85UK211 EU17 UK211 HF85
Fatty acid:
1.00.2 n.d.14:0 1.40.6n.d. n.d.
1.40.2 n.d.14:1 1.10.40.80.3 1.00.4
12.10.5 a 12.20.6 abc8.90.6 bc 8.91.1 abc16:0 6.70.1 c
16:1n-7 6.10.6 8.50.5 6.90.2 8.71.2 6.40.5
0.80.1 n.d1.80.2 n.d.16:3n-3 n.d.
1.80.2 n.d16:4 1.20.50.90.4 2.20.5
4.50.9 7.00.68.41.4 6.31.418:0 6.61.5
38.72.5 34.61.218:1n-9 27.62.733.54.3 36.93.2
11.00.5 15.40.615.60.9 10.01.118:2n-6 15.11.7
1.80.1 2.20.218:3n-3 2.27.02.10.1 2.40.5
2.30.1 ab 3.00.2 a3.20.2 a 1.90.1 b20:1n-9 2.20.2 ab
1.20.2 2.60.2 2.41.020:2 2.60.53.10.6
2.90.6 4.80.55.81.0 5.41.020:4n-6 5.30.6
n.d.20:5n-3 2.20.3 n.d. 3.40.4 2.00.7
Saturated 17.3 17.6 19.2 16.6 13.3
50.9 44.543.6 39.3Monoene 46.5
29.3Polyene 21.7 25.0 24.6 29.6
112.9 106.3119.5 114.1U.I. 129.1
8.62.5 1.61.1 0.10.1ng/nematode 2.10.21.30.6
a n=3; n.d.=not detectable; U.I.=unsaturation index defined as (% of fatty acid×number of double bonds). Within rows, same or no letters
indicate no significant difference (MANOVA, Duncan’s multiple range test, P0.05).
However, preferential use of certain FAs was not ob-
served in recent work on cysts of Globodera rostochien-
sis and G. pallida; NL fractions did not differ
significantly between batches of cysts stored for up to
13 years and no increase in unsaturation level was
found [12].
Species of plants and micro-organisms that normally
live at lower temperatures have a membrane composi-
tion that has a lower melting point, due to the incorpo-
ration of more unsaturated lipids [11]. The level of
unsaturation of the PL fraction of Heterorhabditis
(U.I.=106–120) in the present study is much lower
than of any Steinernema sp. found in the literature
(U.I.=127–208, with an average of 177 (n=12); range
is either specifically reported or calculated from pub-
lished fatty acid data [13,6,1,22]). These findings may
reflect the fact that Heterorhabditis is less well adapted
to low temperatures than Steinernema sp. [20,9]. The
PL of the Heterorhabditis isolate EU17 were less rather
than more unsaturated than those of the other two
isolates. Thus, the hypothesis that EU17, being from a
more northern region, would have a higher level of
unsaturation is not supported. In a similar comparison,
Patel & Wright [22] and Jagdale and Gordan [13] found
that more warm adapted species of Steinernema did not
have more saturated PL. This agrees with our results
that within genus, origin does not seem to affect unsat-
uration level.
The degree of unsaturation can be influenced by the
nematode food source. Rouse et al. [24] were able to
increase both lipid content (5-fold) and double the
percentage of highly unsaturated FAs in the free living
soil nematode Panagrellus rediius by adding fish oil to
their diet. Differences in unsaturation levels between
nematodes in the present work and that of Patel and
Wright [21,22] are unlikely to be caused by food source
since the IJs of the entomopathogenic nematodes were
in both cases reared in G. mellonella larvae obtained
from the same source. Within the Heterorhabditis sp. in
this work no obvious differences in FAs were found.
However, it is possible that when these nematodes feed
on different indigenous hosts in their natural environ-
ments, there would be larger differences in their FA
composition. Another source of variation could be the
bacterial symbiont of the nematodes. Entomopatho-
genic nematodes feed on insect tissues partially digested
by their bacterial symbiont, and also ingest cells of the
symbiont. Thus, differences in lipid composition may
partly reflect differences in chemical composition of the
bacteria. However, Photorhabdus luminescens, the bac-
terial symbiont of H. megidis had more unsaturated
FAs than Xenorhabdus nematophilus, the symbiont of S.
carpocapsae grown on the same artificial medium [7,14].
Therefore, we conclude that differences in the unsatura-
tion level detected between the nematodes are unlikely
to be due to the bacterial element of the diet. Apart
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from the effect of food source/diet on the fatty acid
content, there is also evidence that IJs of Steinernema
sp. are capable of in vivo synthesis of polyene fatty
acids [6].
The fatty acid composition of the PL fraction re-
mained largely unchanged following five weeks storage.
This, however, does not mean that the Heterorhabditis
isolates used here are not capable of modifying their
membrane lipids. Patel and Wright [22] reported a
dramatic (7–30-fold) increase in the proportion of
C16:3n-3 in the PL of four species of Steinernema
during storage over 11 weeks. However, their ne-
matodes were stored at a higher (25°C) temperature
than that at which they were reared (20°C) and it was
suggested that the change in PL composition was an
adaptation to the changed conditions, or to ageing. In
the present work the nematodes were stored at the
temperature at which they had been cultured. It could
also be that the 5-week time frame was too short to
allow changes to be detected. However, Heterorhabditis
IJs survive for only short periods relative to Stein-
ernema ; after five weeks storage at 20°C, Heterorhabdi-
tis IJs would be close to the end of their life while
Steinernema IJs would be still at the beginning.
The non-acidic PL fraction of UK211 and EU17
comprised only 2% dry weight of the TL, while the level
of HF85 at 14% was closest to the range of four
Steinernema spp., where non-acidic PL composed of
10–13% of the lipid dry weight [22]. In nematodes,
total PL generally comprise between 6 and 15% of TL
[4]. Compared with the non-acidic PL fractions in S.
carpocapsae [22], the Heterorhabditis isolates used here
have higher levels of C18 FAs and lower levels of C16
FAs. The role of these PL is not fully understood. The
longer chain FAs, C20 and C22, are found in higher
proportions in the PL fraction compared with the NL
and FFA fraction in Steinernema sp. [21,22], and are
most likely structural components of membranes. In the
present work, similar levels of long chain FAs were
found in both the FFA and PL fraction. It is suggested
by Patel and Wright [21] that these FFAs might have
other functions than structural components and can
have a profound physiological effect.
Few studies have looked for intra-specific differences
in lipid content and composition of nematodes. Differ-
ences were noted between the Heterorhabditis isolates in
TL dry weight in fresh nematodes and the amount of
lipid depleted during storage, thus changing the relative
representation of the major lipid classes. Neutral lipids
are considered to be the most important source of
energy for IJs of entomopathogenic nematodes. Neutral
lipids represented more than 90% of the total lipid of
EU17 and UK211, compared with just 70% in HF85.
Although freshly harvested HF85 had a lower NL
content than UK211, they used only 48% of the NL
during 5 weeks storage while UK211 used 94% of the
NL over the same period. Lower et al. [18] noted
Table 5
Fatty acid composition (%SE) of free fatty acids of infective juveniles of Heterorhabditis isolates UK211, HF85 and EU17, freshly harvested
and after 5 weeks storage in water at 20°Ca
Storage time: Weeks 5 Weeks
UK211 HF85Isolate: EU17 (n=2) UK211 HF85
Fatty acid
0.40.2 0.50.014:0 0.30.2 0.60.0 0.50.0
0.60.414:1 1.00.0 1.50.01.70.10.60.2
7.50.1 a16:0 8.60.5 a 9.11.5 a 5.10.2 b 3.80.1 b
16:1n-7 3.90.235.50.4 2.50.04.10.4 5.51.6
1.80.1 1.20.2 1.20.1 1.50.01.60.016:3n-3
5.80.7 3.82.1 5.70.4 6.31.06.42.016:4
11.90.4 ab11.30.9 a6.20.5 c18:0 7.21.1 bc7.60.3 bc
28.14.9 26.14.8 30.90.6 31.10.819.60.618:1n-9
20.50.7 20.52.318:2n-6 20.72.6 13.90.1 18.10.4
1.00.1 b1.20.1 ab1.50.1 ab18:3n-3 0.90.0 b1.70.1 a
1.80.2 1.70.420:1n-9 2.00.1 1.70.0 1.20.0
4.40.320:2 4.60.14.10.3 4.00.7 3.10.4
10.70.2 10.31.820:4n-6 8.01.8 10.40.4 10.70.1
1.10.0 1.20.2 0.90.220:5n-3 1.70.1 1.30.0
15.5 163Saturated 15.6 17.0 16.2
Monoene 36.338.232.627.5 28.9
46.1 44.5Polyene 39.2 38.5 43.5
U.I. 160.5 156.8 140.0 154.9 163.7
ng/nematode 5.93.2 10.11.5 3.32.3 2.30.4 2.50.2
a Unless mentioned otherwise, n=3; n.d.=not detectable; U.I.=unsaturation index, defined as (% of fatty acid×number of double bonds).
Within rows, same or no letters indicate no significant difference (MANOVA, Duncan’s multiple range test, P0.05).
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differences in the representation of FAs in two strains of
P. rediius. In the present work, differences in the fatty
acid composition between freshly harvested Heterorhab-
ditis isolates were small. The occurrence of larger differ-
ences between UK211 and HF85 after storage is
probably due to the fact that UK211 had utilised a higher
proportion of its lipids at that time.
In conclusion, this work has shown that there are
intra-specific differences between the Heterorhabditis
isolates in the relative representation of the lipid frac-
tions, but there were no obvious differences in fatty acid
patterns that could be related to origin. At the inter-spe-
cific level, the lipid content and fatty acid composition
of Heterorhabditis is generally similar to that of Stein-
ernema. Such differences as do occur are relatively minor
and are unlikely to make a major contribution to the
greater longevity of Steinernema IJs [26]. The major
differences between the two genera is that the FAs of the
PL fraction of Heterorhabditis are more saturated, which
is compatible with the poorer cold tolerance of these
nematodes relative to Steinernema. However, Stein-
ernema sp. may adjust the fatty acid composition of their
PL in response to culture temperature [6,1]; therefore a
more meaningful comparison of the PL characteristics of
the two genera would include growth of the nematodes
over a range of culture temperatures.
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